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1. ADDITIONAL TABLES AND REACTION PROFILES 

 

Table S1. Effect of the FA/NEt3 ratio on the catalytic activity of 2.[a] 

Entry NEt3 (mol%) TOF1h
[b] TON[c] conversion (%) 

1 25 102 204 (3) 20 

2 50 276 653 (3) 65 

3 100 398 816 (3) 82 

4 200 418 827 (3) 83 

[a] Reaction conditions: 2 (0.01 mmol); FA (10 mmol); specified amount of NEt3, THF (4.0 mL), 60 °C. Gas evolution measured by manual gas 
buret. [b] Defined as mmolH2 produced / mmolcatalyst x h-1 (calculated after 1h). [c] Defined as mmolH2 produced / mmolcatalyst. Run time (h) in parenthesis. All 
tests were repeated at least twice to check for reproducibility (error ± 10%). 

 

 
Figure S1. Reaction profiles for FA/NEt3 ratio effect screening in FA dehydrogenation with 2. 
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Table S2. Effect of different solvents on the catalytic activity of 2.[a] 

Entry solvent TOF1h
[b] TON[c] conversion (%) 

1 THF 612 1000 (3) 100 

2 PC 500 1000 (3) 100 

3 dioxane 378 878 (3) 88 

4 EtOH 165 650 (3) 65 

[a ] Reaction conditions: 2 (0.01 mmol); FA (10 mmol); NEt3 (100 mol%), solvent (2.0 mL), 60 °C. Gas evolution measured by manual gas buret. [b] 
Defined as mmolH2 produced / mmolcatalyst x h-1 (calculated after 1h). [c] Defined as mmolH2 produced / mmolcatalyst. Run time (h) in parenthesis. All tests were 
repeated at least twice to check for reproducibility (error ± 10%). 

 

 

 

Figure S2. Reaction profiles for solvent effect screening in FA dehydrogenation with 2. 
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Table S3. Effect of different amines on the catalytic activity of 2.[a] 

Entry amine (mol%) TOF1h
[b] TON[c] conv. (%) 

1 NEt3 (50) 593 980 (3) 98 

2 DMOA (50) 673 980 (3) 98 

3 DBU (50) 459 571 (3) 57 

[a]  Reaction conditions: 2 (0.01 mmol); FA (10 mmol); specified amine (50 mol%), THF (2.0 mL), 60 °C. Gas evolution measured by manual gas 
buret. [b] Defined as mmolH2 produced / mmolcatalyst x h-1 (calculated after 1h). [c] Defined as mmolH2 produced / mmolcatalyst. Run time (h) in parenthesis. All 
tests were repeated at least twice to check for reproducibility (error ± 10%). 

 

 

 

 

Figure S3. Reaction profiles for amine effect screening in FA dehydrogenation with 2. 
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Table S4. Effect of the reaction temperature on the catalytic activity of 2. 

Entry Solvent T (°C) TOF1h 
[b] TON[c] conv. (%) 

1 THF 40 79 180 (3) 18 

2 THF 60 612 1000 (3) 100 

3 PC 60 500 1000 (3) 100 

4 PC 80 1800 [d] 1000 (0.6) 100 

[a] Reaction conditions: 2 (0.01 mmol); FA (10 mmol); NEt3 (100 mol%), solvent (2.0 mL). Gas evolution measured by manual gas buret. [b] 
Defined as mmolH2 produced / mmolcatalyst x h-1 (calculated after 1h). [c] Defined as mmolH2 produced / mmolcatalyst. Run time (h) in parenthesis. [d] TOF 
calculated after 20 min due to fast reaction. All tests were repeated at least twice to check for reproducibility (error ± 10%). 

 

 

 

Figure S4. Reaction profiles for temperature effect screening in FA dehydrogenation with 2. 
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Table S5. Effect of the substrate concentration on the catalytic activity of 2. 

Entry [FA] (mol/L) TOF1h
[d] TON[e] conversion (%) 

1[a] 2.5 398 816 (3) 82 

2[b] 5.0 612 1000 (2.5) 100 

3[c] 10.0 770 1000 (2) 100 

Reaction conditions:  [a] 2 (0.01 mmol); FA (10 mmol); NEt3 (100 mol%), THF (4.0 mL), 60°C. [b] THF (2.0 mL).  [c] THF (1.0 mL). Gas evolution 
measured by manual gas buret. [d] Defined as mmolH2 produced / mmolcatalyst x h-1 (calculated after 1h). [e] Defined as mmolH2 produced / mmolcatalyst. Run time 
(h) in parenthesis. All tests were repeated at least twice to check for reproducibility (error ± 10%). 

 

 

 
 

Figure S5. Reaction profiles for substrate concentration effect screening in FA dehydrogenation with 2. 
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Table S6. Effect of catalyst loading on the catalytic activity of 2.  

Entry [FA](mol/L) solvent T (°C) TOF1h
[d] TON[e] conversion (%) 

1[a] 10.0 THF 60 918 2245 (6) 22 

2[b] 5.0 PC 80 1714 6286 (6) 63 

3[c] 10.0 PC 80 2635 10000 (6) 100 

Reaction conditions:  [a] 2 (0.005 mmol); FA (50 mmol); NEt3 (100 mol%), THF (5.0 mL), 60 °C.  [b] 2 (0.005 mmol); FA (50 mmol); NEt3 (100 
mol%), PC (10.0 mL), 80 °C.  [c] 2 (0.005 mmol); FA (50 mmol); NEt3 (100 mol%), PC (5.0 mL), 80 °C. Gas evolution measured by manual gas 
buret. [d] Defined as mmolH2 produced / mmolcatalyst x h-1 (calculated after 1h). [e] Defined as mmolH2 produced / mmolcatalyst. Run time (h) in parenthesis. All 
tests were repeated at least twice to check for reproducibility (error ± 10%). 

 

 

 

 

Figure S6. Reaction profiles for catalyst loading effect screening in FA dehydrogenation with 2. 
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Table S7. Slow FA addition tests in the presence of 2 and 3 and NEt3.  

Entry No. run Initial FA/cat  TOF10 min
[d] TON[e] conversion (%)[f] 

1[a] 1 5000 2574 2500 50 (65) 

 2  2628 2500 50 (135) 

 3  2439 2500 50 (230) 

 4  2140 2500 50 (350) 

 5  1874 2170 47 (520) 

2[b] 1 1000 1782 502 50 (17) 

 2  1715 502 50 (35) 

 3  1668 502 50 (52) 

 4  1795 502 50 (70) 

 5  1727 502 50 (87) 

 6  1701 502 50 (105) 

 7  1724 502 50 (122) 

 8  1710 502 50 (145) 

 9  1616 502 50 (175) 

 10  1517 502 50 (210) 

 11  1401 502 50 (250) 

 12  1279 52 5 (270) 

3[c] 1 5000 2844 2500 50 (60) 

 2  2664 2500 50 (130) 

 3  2494 2500 50 (225) 

 4  2141 2500 50 (345) 

 5  1882 2300 48 (550) 

Reaction conditions:  [a] 2 (0.005 mmol); FA (25 mmol, initial); NEt3 (100 mol%), PC (5.0 mL), 80 °C.  [b] 2 (0.01 mmol); FA (10 mmol, initial); NEt3 
(100 mol%), PC (5.0 mL), 80 °C. :  [c] 3 (0.005 mmol); FA (25 mmol, initial); NEt3 (100 mol%), PC (5.0 mL), 80 °C. [d] Defined as mmolH2 produced / 
mmolcatalyst x h-1 (calculated after 10 min). [e] Defined as mmolH2 produced / mmolcatalyst. [f] Run time (min) in parenthesis. All tests were repeated at least 
twice to check for reproducibility (error ± 10%). 
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Figure S4. Reaction profiles for slow feed FA dehydrogenation with 2 and 3. Conditions: Neat FA (12.5 
mmol aliquots) added after 65, 135, 230, 350 min (entry 1); 17, 35, 52, 70, 87, 105, 122, 145, 175, 210, 250 
min (entry 2); 60, 130, 225, 345 min (entry 3). 

 
2. COMPUTATIONAL DETAILS 

Calculations were performed using the GAUSSIAN 09 software package,1 without symmetry constraints. The optimized 

geometries were obtained with the B3LYP functional.2 That functional includes a mixture of Hartree-Fock3 exchange 

with DFT4 exchange-correlation, given by Becke’s three parameter functional with the Lee, Yang and Parr correlation 

functional, which includes both local and non-local terms. The basis set used consists of the Stuttgart/Dresden ECP 

(SDD) basis set5 to describe the electrons of the iron atom, and a standard 6-31g(d,p) basis set6 for all other atoms. 

Frequency calculations were performed to confirm the nature of the stationary points yielding no imaginary frequency 

for the the minima. 1H chemical sifts were calculated at the B3LYP level of theory for the optimized structures of trans-

[Fe(PNPMe-iPr)(H)(CO)(η1-OCOH)] (4) and trans-[Fe(PNPMe-iPr)(H)(CO)(η1-HCOOH)]+ (5) using the gauge-

independent atomic orbital (GIAO) method in Gaussian 09 with the above basis sets. Chemical shifts are given with 

respect to Si(Me3)4 (TMS) at the same computational level.7 

 

Scheme S1. Calculated 1H NMR hydride shifts for trans-[Fe(PNPMe-iPr)(H)(CO)(η1-OCOH)] (4) and trans-[Fe(PNPMe-

iPr)(H)(CO)(η1-HCOOH)]+ (5). 
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Atomic coordinates 

 

trans-[Fe(PNPMe-iPr)(H)(CO)(η1-OCOH)] (4) 
 
26      -0.006874000     -0.467660000      0.118446000 
15      -2.210393000     -0.270927000      0.197924000 
15       2.215235000     -0.187877000      0.143634000 
7       -0.041874000      1.573026000      0.082817000 
7       -2.377999000      1.471292000      0.235813000 
7        2.302602000      1.553367000     -0.045780000 
6       -1.226375000      2.237750000      0.123117000 
6       -1.288876000      3.639850000      0.054730000 
6       -0.097776000      4.345099000     -0.040043000 
6        1.119221000      3.681482000     -0.067230000 
6        1.116635000      2.274929000     -0.012370000 
6       -3.216772000     -0.816056000     -1.308050000 
6       -4.747554000     -0.845435000     -1.165956000 
6       -2.692433000     -2.160806000     -1.849865000 
6       -3.201688000     -0.807331000      1.701011000 
6       -3.163294000     -2.336957000      1.870080000 
6       -2.718374000     -0.103400000      2.977711000 
6        3.103711000     -0.949703000     -1.327500000 
6        4.378752000     -0.296750000     -1.879636000 
6        3.311835000     -2.458720000     -1.089787000 
6        3.166040000     -0.505628000      1.750688000 
6        2.702448000     -1.816275000      2.414191000 
6        4.704014000     -0.450335000      1.715412000 
1       -2.235289000      4.159777000      0.057826000 
1       -0.118700000      5.429621000     -0.096121000 
1        2.040947000      4.238051000     -0.139709000 
1       -2.947694000     -0.045318000     -2.041002000 
1       -5.191262000     -1.120028000     -2.129614000 
1       -5.177085000      0.117840000     -0.879666000 
1       -5.076135000     -1.594496000     -0.438097000 
1       -3.220916000     -2.405297000     -2.778449000 
1       -2.867653000     -2.984715000     -1.150167000 
1       -1.625037000     -2.100647000     -2.067809000 
1       -4.244181000     -0.516538000      1.518401000 
1       -3.774275000     -2.624062000      2.733172000 
1       -2.145493000     -2.693205000      2.049140000 
1       -3.556678000     -2.867483000      0.998851000 
1       -3.336280000     -0.418036000      3.826616000 
1       -2.782701000      0.985463000      2.899298000 
1       -1.677655000     -0.360115000      3.192637000 
1        2.315366000     -0.846229000     -2.082686000 
1        4.702571000     -0.863198000     -2.760337000 
1        5.211354000     -0.302972000     -1.168280000 
1        4.202606000      0.728162000     -2.212532000 
1        3.601673000     -2.927572000     -2.036373000 
1        2.402786000     -2.959514000     -0.748164000 
1        4.109859000     -2.662820000     -0.367971000 
1        2.800958000      0.321545000      2.374446000 
1        3.167813000     -1.905737000      3.402692000 
1        2.996090000     -2.695758000      1.833673000 
1        1.619728000     -1.835305000      2.543653000 
1        5.091081000     -0.596968000      2.730644000 
1        5.097544000      0.503018000      1.358008000 
1        5.124347000     -1.245631000      1.093587000 
1       -0.000904000     -0.379224000      1.635835000 
6        0.020091000     -2.208455000      0.323813000 
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8        0.037472000     -3.352070000      0.530918000 
6        3.549738000      2.318311000     -0.095755000 
1        3.668952000      2.949781000      0.794069000 
1        4.393026000      1.638842000     -0.150263000 
1        3.582296000      2.956964000     -0.985531000 
6       -3.659951000      2.161584000      0.358463000 
1       -3.938700000      2.676911000     -0.569411000 
1       -4.439349000      1.440518000      0.595047000 
1       -3.632482000      2.896404000      1.170974000 
8        0.118353000     -0.521569000     -1.937601000 
6       -0.052722000      0.418675000     -2.812792000 
8        0.512539000      0.508727000     -3.896862000 
1       -0.800926000      1.200885000     -2.525457000 
 
 
 
trans-[Fe(PNPMe-iPr)(H)(CO)(η1-HCOOH)]+ (5) 
 
26       0.054929000     -0.511116000     -0.003161000 
15       2.272352000     -0.321273000     -0.187763000 
15      -2.171597000     -0.299731000     -0.220593000 
7        0.063746000      1.489437000     -0.334507000 
7        2.404271000      1.394956000     -0.507797000 
7       -2.289573000      1.450788000     -0.275617000 
6        1.243904000      2.152704000     -0.507473000 
6        1.282284000      3.547395000     -0.675396000 
6        0.080271000      4.239705000     -0.709618000 
6       -1.130493000      3.571897000     -0.584623000 
6       -1.111150000      2.178634000     -0.401182000 
6        3.344302000     -0.593449000      1.349106000 
6        4.868979000     -0.614493000      1.142196000 
6        2.889746000     -1.846720000      2.124122000 
6        3.189272000     -1.107196000     -1.620163000 
6        3.156570000     -2.643940000     -1.526767000 
6        2.652799000     -0.625273000     -2.976745000 
6       -3.178870000     -0.863414000      1.273030000 
6       -4.503369000     -0.158096000      1.609654000 
6       -3.370484000     -2.393936000      1.235168000 
6       -2.963313000     -0.891499000     -1.829299000 
6       -2.461758000     -2.297015000     -2.216013000 
6       -4.497270000     -0.827810000     -1.946511000 
1        2.220089000      4.072832000     -0.777069000 
1        0.085791000      5.317186000     -0.843450000 
1       -2.059533000      4.118648000     -0.634725000 
1        3.094092000      0.285515000      1.959473000 
1        5.360865000     -0.716899000      2.115233000 
1        5.256873000      0.297036000      0.682408000 
1        5.184407000     -1.467141000      0.533423000 
1        3.453709000     -1.917120000      3.060092000 
1        3.080266000     -2.766020000      1.562878000 
1        1.827458000     -1.814834000      2.372172000 
1        4.234132000     -0.788468000     -1.525707000 
1        3.737866000     -3.066045000     -2.352706000 
1        2.137120000     -3.028627000     -1.610028000 
1        3.589160000     -3.023477000     -0.597440000 
1        3.261757000     -1.055561000     -3.778562000 
1        2.687154000      0.462765000     -3.078008000 
1        1.618189000     -0.944487000     -3.127305000 
1       -2.475790000     -0.649045000      2.086481000 
1       -4.910314000     -0.601069000      2.525336000 
1       -5.259826000     -0.283965000      0.829973000 
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1       -4.372176000      0.909134000      1.801809000 
1       -3.732144000     -2.729469000      2.212366000 
1       -2.445156000     -2.935786000      1.028203000 
1       -4.116369000     -2.693072000      0.493803000 
1       -2.527709000     -0.180319000     -2.544402000 
1       -2.834147000     -2.542309000     -3.215917000 
1       -2.828316000     -3.068462000     -1.533493000 
1       -1.372628000     -2.345745000     -2.241125000 
1       -4.786174000     -1.144495000     -2.954202000 
1       -4.906062000      0.173077000     -1.799231000 
1       -4.988602000     -1.507068000     -1.244943000 
1        0.083220000     -0.736003000     -1.473164000 
6        0.052261000     -2.269434000      0.156737000 
8        0.053354000     -3.426185000      0.192756000 
6       -3.548751000      2.182841000     -0.470002000 
1       -3.593501000      2.642293000     -1.464222000 
1       -4.385172000      1.501091000     -0.368538000 
1       -3.665922000      2.966517000      0.285865000 
6        3.668435000      2.063354000     -0.836560000 
1        3.999153000      2.730848000     -0.032150000 
1        4.443687000      1.318423000     -1.000378000 
1        3.569792000      2.644481000     -1.758845000 
8       -0.031931000     -0.094836000      2.119843000 
6        0.054615000      0.919707000      2.785575000 
8       -0.073624000      0.872732000      4.105724000 
1        0.236104000      1.910979000      2.343589000 
1        0.019773000      1.755013000      4.497466000 
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